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BY  A.  ]3.  EISENBREY,  M.D. 
(From the Department of Research  Medicine,  University of Pennsylvania, 
Philadelphia.) 
The report of Rowntree and Geraghty  ~ on the successful use of 
phenolsulphonephthalein as.a  clinical test of the functional activity 
of the kidneys suggested its use in the study of some of the prob- 
lems of experimental nephritis.  It was therefore with the idea of 
establishing  a  basis  for  such use,  as  well as  for  its  application  to 
the study of  the  renal  lesions  of man,  that  the  present  investiga- 
tion was undertaken.  The test has been applied to normal animals 
and  to  animals  with  a  variety  of  renal  lesions,  including "spon- 
taneous  nephritis,"  several  forms  of  experimental  nephri,tis,  and 
conditions due to mechanical injury of the kidney. 
METHODS. 
The animals  used were  female dogs  which with few exceptions 
had been kept for two weeks in the department kennels under close 
observation.  Consequently they were in a good state of health and 
nutrition, and with the exception of three with "spontaneous neph- 
ritis,"  were  free  from renal disease as  far as  could be ascertained 
by routine examination of the urine for albumin and casts. 
The technique of the phenolsulphonephthalein test was in general 
that recommended for clinical use by Rowntree and Geraghty.  The 
test  was  usually begun  wi~thin an  hour after the  animals  had  re- 
ceived their morning rations  with 2oo to  300  cubic centimeters of 
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water;  if  done  at  any  other  time,  a  similar  amount  of water  was 
administered  by  stomach  tube  shortly  before  the  test.  The  dye, 
one  cubic  centimeter  of  the  standardized  solution  (equal  to  six 
milligrams  of  the  dry  substance),  was  injected  subcutaneously  in 
the thighs,  and in prolonged observations, alternate  sides were used 
on successive days.  The bladder was then emptied by catheter and 
the  first catheterization  for the  detection of the  appearance  of the 
dye in the urine  was made five minutes  after the  injection.  It was 
early ascertained that in normal animals it appeared, on the average, 
after a  five minute  interval.  Occasionally  it  appeared  as  early  as 
four  minutes,  but  the  small  amount  of  urine  usually  secreted  in 
shorter  periods  made  the  five  minute  interval  a  convenient  and 
trustworthy  average;  fully  5  °  per  cent.  of  the  normal  animals 
showed not more  than  a  distinct  trace  of the  dye at  this  interval, 
and very seldom was .the  appearance  of the  dye delayed  for seven 
minutes.  When  in  the  presence  of  pathological  conditions  it  did 
not  appear  in  five minutes,  the  catheter  was  either  left  in situ  or 
catheterization  was done at  frequent  intervals.  It  was  found  that 
the  latter  plan  was preferable,  as the  few drops  of urine  obtained 
in  the  tip  of  a  short  glass  catheter  might  contain  the  dye  several 
minutes before the urine  would have collected in sufficient quantity 
to run  from the catheter. 
When the  time of the  first appearance  of the  dye had  been thus 
fixed, the percentage of elimination in the one and two hour periods 
was determined.  At the end of each of these periods,  the bladder 
was catheterized and washed out with boiled and filtered water, and 
the  percentage  of  the  elimination  was  estimated  by the  aid  of  a 
Duboscq colorimeter,  according  to the  directions  of Rowntree  and 
Geraghty.  It was found in conditions of low elimination  that more 
accurate readings could be made by diluting the urine of the second 
hour  period  to  5o0 instead  of to  I,ooo cubic centimeters,  and  this 
procedure was followed whenever an elimination below I5 per cent. 
for a  period of one hour was to be expected.  Under some circum- 
stances  it  was  found  necessary  to  limit  the  dilution  to  250 cubic 
centimeters.  Only when hemoglobinuria  was present  has the color 
of the urine  interfered  with  the  estimations.  Although  no  special 
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untoward  effect has been noted as the result  of repeated  injections 
of the  drug. 
RESULTS. 
Normal  Dogs.--Tests  have  been  made  seventy-nine  times  on 
normal animals ; of these, twenty-seven were repetitions which were 
made  in  order  to  ascertain  the  degree  of  variation,  if  any,  that 
might  be expected under  normal  circumstances  or  as  the  result  of 
changes in diet and environment.  The average time of the appear- 
ance  of  the  dye  was  established  at  five  minutes,  varying  between 
limits  of  four  and  eight  minutes.  The  elimination  for  the  first 
hour varied  from 4o to 6o per cent.  and  for the  second hour  from 
15  to  25  per  cent.  The  average  for the  first  hour  was  50.98  per 
cent., and  for the second hour 21.35  per cent.,  a  total  of 72.33  per 
cent.  The  twenty-seven  tests  made  at  various  periods  after  the 
first  test  gave  averages  for  the  first  hour  of  50.55  per  cent.,  for 
the  second  hour  of 22.59  per  cent.,  and  thus  a  total  of  73.I4  per 
cent.  As these later tests cover periods up to one week, it is evident 
that  the  change  to  regular  cage  life  and  constant  diet  tended  to 
increase  slightly  the  elimination,  probably  as  a  result  of  a  better 
condition  of  the  animal. 
From the above data  it is seen that  the total  elimination  for two 
hours  is  60 to 80 per cent.  with  an  average  of about  7  °  per cent., 
figures  which  correspond  to  those  of  Rowntree  and  Geraghty  for 
the  normal  kidney of man. 
Spontaneous  Nephritis.--Among  fifty-five  presumably  normal 
dogs used in this study, three cases of "spontaneous nephritis"  were 
found.  The  urine  of  each  obtained  by  catheterization  contained 
albumin,  and the  functional test gave the following results: 
TABLE  I. 
Spontaneous Nephritis. 
Time ol  appearance of  I 
dye.  { 
Per cent, elimination. 
Dog. 
First hour.  Second hour.  Total. 
5  6  minutes  36.5  30.4  66.9  Large trace. 
8  i i  minutes  26.3  I4.9  41.2 
4I  6  minutes  44.6  8,i  52.7  Trace. 
Albumin. 
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Later tests  were made at various  intervals,  as  seen  in  table  II; 
the animals  were kept in the meantime on a diet of dog biscuit with 
an abundance of water. 
TABLE  II. 
Improvement in Spontaneous  Nephritis. 
Dog,  Interval. 
5  4 days 
8  7 days 
4I  5 days 




Per cent. elimination. 
I 
First hour. [Secondhour.  Total. 
58.8  I8.I  76.9 
36.5  I6.6  53.I 





The improvement in the elimination of the dye corresponding to 
the decrease in the albumin content of the urine is  a  very striking 
illustration  of  one  use  to  which  the  phenolsulphonephthalein test 
may be put.  The results are analogous to those secured by Rown- 
tree and Geraghty, who found that if surgical patients were given 
careful  pre-operative  treatment,  when  the  elimination  test  was 
dangerously low, a marked improvement in elimination occurred. 
EXPERIMENTAL  ACUTE  NEPHRITIS. 
Uranium  Nephritis.--Nine  dogs  were  studied  in  this  series. 
These, as was the case with all animals throughout the entire study, 
underwent two  or  more preliminary tests  before  the  injection  of 
the drug.  The only exception to this rule has been in animals which 
showed  an  elimination  well  up  toward  the high  average  limit  at 
the first test. 
The usual dose of uranium nitrate was o.oi 5 of a  gram injected 
subcutaneously.  Two  types  of  reaction  were  noted.  One  type 
occurred when the animals were relatively small  (six to eight kilo- 
grams), and was characterized by a  fall in the elimination of the dye 
occurring  within twenty-four hours, which averaged in  four dogs 
34 per cent. ; urinalysis and histological study showed a severe grade 
of nephritis.  In the other type, the animals were either larger  or 
possibly less susceptible to the drug.  Although albumin was present 
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hours  was  found  to  have  been  increased  by  from  o.8  per  cent.  to 
5 per cent. ; in four dogs the average was 2.52 per cent.  Later,  on 
the  third  or  fourth  day,  these  animals  showed  a  progressively  di- 
minishing total elimination.  In the first type, the dye did not appear 
for seven to eleven minutes,  while in the second type it appeared as 
normally  after  five  minutes.  In  none  of  the  animals  of  the  first 
type,  even when  the  total  elimination  was  as low as 2  per  cent.  or 
less at the end of the  fourth day, was the appearance of the dye in 
the  urine  delayed  beyond  sixteen  minutes.  The  animals  of  the 
second type with one exception showed normal  elimination  time up 
to  the  fourth  day  period,  when  a  delay  averaging  ten  minutes 
occurred; in the one exception, the delay appeared on the third  day. 
As a  rule,  animals  were chloroformed at the end of the  fourth day 
period,  when  marked  toxic  symptoms  occurred.  In  one  instance, 
however, an animal of the second type was tested on the sixth  day, 
and a  total elimination  of only 2.2 per cent.  was  found. 
The  following protocols illustrate  the  two types as differentiated 
by the  functional  tests. 
Potassium  Chromate Nephritis.--Four dogs were studied in this 
series.  As the animals  were used also in metabolism experiments, 2 
it was necessary,  in order to avoid vomiting,  to use small  doses of 
the chromate.  In three experiments, 0.03 of a gram was given sub- 
TABLE  III. 
Acute  Insujficiency. 
Dog 56, weighing 8,6oo gin., with urine free from  albumin  and  casts, received 
o.or5 gin.  uranium nitrate subcutaneously. 
Time  of appear  First hour.  Second  hour.  Total. 
Period.  "  "l  Amount  of  Amount  of  Amount  of 
ance  of dye.  urine  in  Dye per  urine in  Dye  per  urine in  Dye  per 
I  cent  cent  cent  cubic centi-  -  cubic centi-  •  cubic centi-  - 
meters,  meters,  meters. 
Control  5 minutes  13o  61.7  235  16.I  365  77.8 
Ist  day  II rhinutes  20  I4.2  20  II.I  40  25.3 
2d  day  Io minutes  26  2. 3  24  1.8  50  4.1 
3d  day  II  minutes  22  1.56  36  1.95  58  3.5 
4th day  Io minutes  20  o.97  18  o.85  38  1.8 
2Austin  and  Eisenbrey,  Experimental  Acute  Nephritis:  The  Elimination  of 
Nitrogen and Chlorides  as compared  with that of  Phenolsulphonephthalein, ]our. 
Exper. Med.,  1911,  xiv, 366. A.  B.  Eisenbrey.  467 
TABLE  IV. 
Delayed  Insufficiency. 
Dog 86, weighing  7,450 gin., with urine free from albumin and casts, received 
o.oo75 gin. uranium nitrate  subcutaneously. 
Period, 
Control 
Ist  day 
2d  day 
3d  day 
4th  day 
Time  of appear- "  Fixst hour. 
ance of dye.  "1  Amount of  cu~?&~i-  I~gr~t~r 
[  meters. 
5 minutes  44  6o.97 
5 minutes  32  59.52 
5 minutes  58  46.29 
5 minutes  42  29.94 
to minutes  3o  5.8 
Second hour. 
Amount of 
urine  in  ]Dye per 
cubic centi-  cent. 
meters. 
62  17.o 
32  19.23 
38  22.32 
3'6  I4.45 
46  7.02 
Total. 
Amount of 
urine in  Dye per 
cubic centi-  cent. 
meters. 
I06  78.0 
64  78.8 
96  68.6 
78  44.4 
76  12.8 
cutaneously and the dose repeated at intervals  of two to three days ; 
in  one,  the  second  injection  was  given  at  the  end  of  twenty-four 
hours.  Chromium did not cause the preliminary increased elimina- 
tion characteristic  of uranium  in small  doses.  Moreover,  although 
the abundance  of albumin in the urine indicated  a  severe  renal dis- 
turbance,  comparatively  little change  was  found,  after small  doses, 
in the total elimination of the dye.  In two experiments there was at 
the  end  of  twenty-four  hours  a  decrease  of  5.8  and  14  per  cent. 
respectively,  and  in  a  third  an  increase of o. 9  per  cent.  A  fourth 
experiment,  in  which  a  very  severe  nephritis  was  produced,  pre- 
sented  a  decrease  of 3o per  cent.  In only one  of  the  experiments 
did  the  dye  fail  to  appear  in  five  minutes,  although  in  one  dog 
the total elimination  had been reduced by  repeated  injections  from 
72.2  to  42. 5  per  cent.  After  small  doses  there is,  in  spite  of  the 
severe  albuminuria,  a  marked  tendency  to  rapid  recovery  of  the 
power  to  eliminate  the  dye. 
Cantharidin  Nephritis.--Nephritis  following  the  subcutaneous 
injection  of  cantharidin  was  studied  in  four  animals.  The  func- 
tional change caused by a large dose, which produced typical hemor- 
rhagic  nephritis  ending  in  anuria  and  death  after thirty-six  hours, 
is illustrated in table VII. 
A  smaller dose produced a mild nephritis which was not sufficient 
to cause  the death  of the  animal,  but  delayed  the  elimination  time 
at  twenty-four  hours  to eleven  minutes  and  caused  a  reduction  in 468  The Elimination  of Phenolsulphonephthalein. 
TABLE  V. 
Chromate  Nephritis  of Moderate  Grade. 
Dog 59, weighing 6,275 gm., with urine free from albumin and casts, received 
o.o3 gin.  potassium chromate subcutaneously, repeated on the third and fifth days. 
Period.  Time of appear- 
ance of dye. 
Control  5 minutes 
ist  day  5 minutes 
2d  day  5 minutes 
3d  day  5 minutes 
4th day  5 minutes 
5th day  5 minutes 
6th day  5 minutes 
7th day  5 minutes 
First hour. 
Urine in  I 
cubic centi- 
meters. 
20  I 
24  I 


















cubic centi-  Dye 
meters,  per cent. 
20  33.33 
19  15.45 
30  18.24 
23  16.78 
22  17.85 
40  20.32 
36  19.53 
32  16.77 
Total. 
Urine in  Dye 
cubic centi-  per cent. 
meters. 
40  72.2 
43  58.2 
60  46.3 
45  59-3 
50  51.2 
76  45.6 
72  45.6 
82  42.5 
TABLE  VI. 
Chromate  Nephritis  of Severe  Grade. 
Dog  96, weighing 5,5oo gin., with urine free from albumin  and casts, received 
0.03 gin.  potassium  chromate subcutaneously,  repeated  in  twenty-four  hours. 
Period. 
Control 
Ist  day 
2d  day 
First hour.  Second hour. 
Time  of appear- 
Urine in  I  Urine in 
F 
ance of dye.  Dye 
cubic centi- [  Dye  cubic centi-  per cent.  per cent.  meters,  meters. 
5 minutes  20  46.82  22  24.03 
6 minutes  34  22.74  34  18. i i 
9  minutes  First and second hour urine combined. 
Total. 
Urine in  Dye 
cubic centi-  per cent,  meters. 
42  70.9 
68  40.9 
40  3.54 
TABLE  VII. 
Severe  Cantharidin  Nephritis. 
Dog 6I, weighing 5,760 gin., with urine free from  albumin and  casts, received 
o.oe gin.  cantharidln  in acetic ether, subcutaneously. 
First hour. 
Time of appear-!  rln ~  --  Period.  =ce ofayo.  E  o,Uo n  I  Dreper 
----DlC  centl-  cent 
meters. 
Control  5; minutes  74  I  43.86 
22  hours  IO minutes  I  3  [  3.22 
Second hour.  Total. 
Urine in  Urine in 
cubic centi-  Dye per  .  .  Dye per  cent.  / cubm centl-  cent 
]  met  ....  I  i  met  ....  " 
i 
III  22.12  185  66.00 
3  5.92  6  9.14 
the  total  elimination  of  16  per  cent.  A  tendency to  recovery was 
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TABLE  VIII. 
Cantharidin  Nephritis  of  Mild  Grade. 
Dog 77, weighing 5,97o gm.~ with urine free from  albumin  and  casts,  received 
o.oi3 gin.  cantharidin  in acetic ether, subcutaneously. 
Period.  Time of appear- 
ance of dye. 
Control  5 minutes 
xst  day  xx minutes 
3d  day  6 minutes 
First hour.__  Second hour. 
Urine in  Urine in 
cubic centi-  Dye per  I cubic centi- I  Dye per 
meters,  cent.  meters,  cent. 
30  54.34  38  24.5X 
5 °  39.37  I856  33"58 
2O  37.31  30.X3 
Total. 
Urine in 
cubic centi-  Dye  per 
meters,  cent. 
58  78.9 
"ro6  62.9 
38  67.4 
In  other  experiments,  very  small  doses  produced  a  renal  dis- 
turbance evidenced only by a  slight albuminuria.  Under such cir- 
cumstances, an increased elimination of about  5  per cent.  was  ob- 
served  during  the  first  twenty-four  or  forty-eight  hours,  with  a 
return to normal or slightly below normal on the following day.  If 
at  this stage the dose was repeated, the elimination was  decreased 
during the following twenty-four hours, but the tendency to rapid 
recovery remained even after repeated injections of small doses. 
Arsenic  Nephritis.--The  effect of  arsenic  was  studied  on  two 
dogs.  One received injections of o.o2 of a  gram of arsenious acid 
each day for three days.  Except  for a  temporary fall of 9.2  per 
cent.  after  the  first  injection,  the  elimination  showed  very  little 
change until the fifth day, forty-eight hours after the final dose of 
arsenic, when the excretion of urine was  diminished markedly, as 
was  also the total  elimination of the dye.  At no  time during the 
experiment did the urine contain more than a  trace of albumin. 
A  second animal was given arsenic over a  period of  four days, 
and at the conclusion of the experiment, in spite of the fact that the 
animal was in a very toxic condition and vomited and refused food, 
there was  no albumin in the urine.  In this  experiment the excre- 
tion  of urine showed a  progressive decrease, whereas the  elimina- 
tion of the dye was slightly increased (table IX). 
Diphtheria Nephritis.--The effect of diphtheria toxin was tested 
on  six  animals.  The  dose  required  to  produce  a  marked  renal 
lesion, without causing the death of the dog within thirty-six hours, 
was found to be about 0.005  of a  cubic centimeter per kilo of body 470  The  Elimination  of Phenolsulphonephthalein. 
TABLE  IX. 
Arsenic  Intoxication. 
Dog  zo4, weight 6,59o  gin.,  with urine free from  albumin and  casts,  received 
o.o2  gin.  arsenious  acid subcutaneously  on  two  successive  days,  and  o.03 gin.  on 
the third and fourth days. 
First  hour,  Second  hour.  Total. 
Time of  Period,  appear- 
Urine  in  I  Urine  in  Urine  in 
i  I 
ance  of dye.  cubic centi-  ]  Dye  per  cubic centi-  Dye  per  cubic  centi-  I  Dye  per 
meters,  meters,  cent.  meters.  ]  cent.  cent. 
P  L 
8o  22  [  lO2  79-9  Control  5 minutes  56.04  23.8I 
8o  zst  day  5 minutes  66.66  46  15.I8  126  [  81.8 
2d  day  5 minutes  34  71.73  14  I  9.76  81.5 
3  27  3d  day  5 minutes  i  63.29  14  14.53  77.8 
4th day  5 minutes  8  72.46  6  13.88  86.3 
weight  for  the  toxin  3  used.  With  such  doses,  a  severe  nephritis 
occurred at the end of twenty-four hours, as was shown by the large 
amount  of  albumin and  numerous casts  in  the  urine.  In  four ex- 
periments,  the  time  of  appearance  of  the  dye  was  delayed  and  a 
marked  fall in the total elimination occurred.  Only one of these ani- 
mals lived  for  forty-eight  hours,  so that  only once  could  the  func- 
tional test be repeated. 
TABLE  X. 
Diphtheria  Nephritis. 
Dog  89,  weight 8,~4o gm., with  urine  free  from  albumi~  and  casts,  received 
o.oo5 c.c. per kilo  of body weight, subcutaneously. 
.  .  Time of appear-  First  ........  hour.  Second  hour.  Total. 
Yerlou.  ance of dye.  Urine  in  t  ~  •  LIrine  in  Urine  in 
cubic eenti-  I  erl~c~eet  cubic  centi-  Dye  cubic centi-  Dye  per 
meters.  I  P  "  meters,  per cent.  meters,  cent. 
t 
Control  5 minutes  96  ]  64.1  ]  30  /  14.71  126  78.8 
24 hours  6 minutes  16  ]  53-76  [  I6  [  21.93  32  75.7 
48 hours  20 minutes  First and second  hour urine combined.  3  3.49 
In three  other experiments  there was,  at the  end of  twenty-four 
hours,  a  more  marked  fall  in  total  elimination  averaging  2o  per 
cent.,  and a slightly greater delay in the appearance of the dye.  The 
3This  was  procured  from  the  Research  Laboratories  of  the  Board  of  Health 
of  the  City of  New  York through  the  courtesy  of  Dr.  W.  H.  Park.  Toxicity  for 
the  guinea  pig  was  approximately  i/8oo. A.  B.  Eisenbrey.  471 
two animals which received very small doses of the toxin showed a 
slight  initial  increase in  total  elimination  at  the twenty-four hour 
period. 
A  comparison  of  these five well  known  forms  of  experimental 
nephritis  shows  that  renal  irritants  may cause  a  slight  initial  in- 
creased  elimination  of  phenolsulphonephthalein  which,  however, 
is,  as  a  rule,  followed  by  a  decreased  elimination  corresponding 
closely to the dosage of the irritant and the degree of kidney injury. 
The  decrease after the  injection  of  potassium  chromate,  uranium 
nitrate, diphtheria toxin,  and cantharidin is greater than that after 
the use of arsenic; the latter indeed may lead to severe intoxication 
without change in the elimination of the dye. 
The decreased elimination may occur abruptly on the first day, as 
after cantharidin  (table VII), or on the second day, as after uran- 
ium nitrate  (table III), or it may occur more gradually.  The point 
of lowest elimination corresponds to  the most  severe intoxication, 
and  not  infrequently is  accompanied by  evidence of  approaching 
anuria. 
Other  renal  irritants  used  were  crotalus  venom  and  hemolytic 
and nephrotoxic immune sera. 
Venom Intoxication.--Two  dogs were tested after the adminis- 
tration  of crotalus venom.  Doses sufficiently large to produce the 
lesions typical of this poison  are so rapidly followed by death that 
the use of  the  functional tests  is  impossible.  With  smaller doses 
the  animals  fail  to  show  evidence  of  serious  renal  involvement, 
except  by  the  presence  in  the  urine  of  slight  traces  of  albumin. 
Under the latter circumstances, one dog,  when tested twenty-four 
hours after injection, showed no delay in the time of the appearance 
of the dye, but the total elimination had  fallen from 74.2  per cent. 
to  58.9  per cent.  A  second dog,  receiving repeated minute  doses 
of venom during a period of one week, presented no delay in elimi- 
nation time and only a slight decrease in total elimination from 78. I 
per cent. to 74.9 per cent., with a prompt rise to 83.3 per cent. after 
the administration of venom was discontinued. 
Nephrotoxic Immune Serum.--Three dogs received the serum of 
rabbits that had been injected repeatedly with the cells of the dog's 
kidney.  This  serum was  injected intravenously in  the proportion 472  The Elimination of Phenolsulphonephthalein. 
of two cubic centimeters per kilo of body weight.  Each of the three 
animals  had  a  marked  albuminuria  when  the  functional  test  was 
made  and  each  showed  an  increase  of  total  elimination  varying 
from 6  to  IO per cent. over that of the control period. 
Hemolytic Immune Serum.--In these experiments, the serum of 
rabbits  immunized to dog's blood  was  injected intraperitoneally in 
doses of 0. 5  to  I  cubic centimeter, according to  the weight of the 
dog.  Owing  to  the  occurrence  of  hemoglobinuria,  satisfactory 
functional tests could be made only after the hemoglobin had largely 
disappeared,  usually on  the  third  or  fourth day,  at  a  time,  how- 
ever, when albumin persisted.  One  animal  examined at  this  time 
showed a  total elimination of 38.4 per cent. as compared with 76.6 
for the control period; at the same time the appearance of the dye 
was delayed for sixteen minutes.  In other experiments the change 
was not so great. 
These  few  experiments  indicate  that  the  change  in  functional 
activity caused by  venom and  by hemolytic serum can be  readily 
determined by the phenolsulphonephthalein test, thus adding to  the 
number of lesions in which the test is of value clinically. 
The failure to find a diminished elimination after the injection of 
nephrotoxic  immune  serum  was  very  disconcerting.  The  lesion 
caused by this  serum is a  very definite degeneration of the tubular 
epithelium,  accompanied  by  an  albuminuria  of  severe  grade  and 
by abundant cast  formation,--in short, a  very typical experimental 
nephritis.  It stands as the only lesion studied in  this  series which 
is not characterized by a decrease in the elimination of the test dye, 
and for this discrepancy no satisfactory explanation can be offered. 
RENAL  LESION DUE  TO  MECHANICAL INJURY. 
Effect of Prolonged Experimental Anemia.--To bring about this 
condition, both renal arteries in three dogs were completely occluded 
by rubber-protected screw clamps for periods of fifteen, thirty, and 
sixty  minutes  respectively.  Functional  tests  were  performed  on 
each  of the  three  days  following the  operation.  After  occlusion 
for fifteen and thirty minutes,  slight traces  of albumin and a  few 
erythrocytes were  found  in  the  urine  for  forty-eight hours  after 
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the  dye.  The  total  elimination was  increased slightly,  from  76.6 
per cent.  to  82.6  per  cent.  on  the third  day  in  the  fifteen minute 
animal, and from 65 per cent. to 69.2 per cent. in the thirty minute 
animal. 
The  effects  of  the  anemia  lasting  one  hour,  however,  were 
marked.  Albumin, casts,  red blood cells, and renal epithelial cells 
appeared in the urine on the first day, and the animal presented evi- 
dence  of  intoxication,  vomited,  and  refused  food.  On  the  third 
day,  these symptoms were less  marked.  The  functional tests  are 
given in table XI. 
TABLE  XI. 
Effect of Renal Anemia. 
Period. 
Control 
zst  day 
2d  day 
3d  day 
Time of appear- 





First  hour. 
Urinein  Dye per 
cubic centi-  cent. 
meters. 
7o  53.19 
14  lO.16 
32  I3.44 
22  16.44 
Second hour. 
*Urine in  Dye per 
cubic centi-  cent. 
meters. 
7o  21.36 
15  9.76 
70  13.44 
38  I4.2o 
Total. 
Urine in  ] 
cubic centi-  Dyecent.per 
meters, 
I4o  74.5 
29  19.9 
io2  26.9 
60  30.6 
Reduction  of  Kidney  Substance.--Unilateral  nephrectomy was 
performed on two animals.  After a  short period of lowered func- 
tional  activity,  there  ensues  what  may be  termed  a  compensatory 
hyperactivity which  reaches  its  height  in  about  five  days  and  is 
followed by a  return to  a  lower level  in  about  fifteen days.  The 
time  of  the  first appearance  of  the  dye,  however,  is  not  delayed. 
The effect of successive operations observed over a  long period of 
time is  shown in the "following experiment. 
Experiment  XVIII.  Normal  Dog.--The  elimination  before 
operation was 78 per cent. ; on the second day after the removal of 
one kidney, it was 57.3 per cent. ; on the 5th day, 84.7 per cent. ; and 
on the I5th day, 68.1  per cent.  At this time the upper pole of the 
remaining  kidney  was  excised  and  the  total  elimination  forty- 
eight hours later was  58.5  per cent.,  and afte÷ six weeks 55.6  per 
cent. ;  and  although  the  animal  was  apparently  in  good health,  it 
was evident that the functional activity of the kidney was less than 
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Rowntree  and  Geraghty,  4  in  a  brief  communication before  the 
American Society of  Pharmacology and  Experimental  Therapeu- 
tics, state that,  "in healthy dogs the removal of one kidney is  fol- 
lowed by a  normal or only slightly lower  function for a  period  of 
one half to one hour, but that later the function, as indicated by the 
test,  begins  to  decrease."  How  late  after  operation  this  decrease 
was  found  is  not  stated,  but  from  our  experience  it  is  evident 
that  it  remains  below  normal  for  at  least  two  weeks.  We  are 
inclined to consider the continued subnormal elimination,  after re- 
duction of the remaining kidney, to be due to  the subacute pyelitis 
which is so common in the dog after partial excision, and which not 
infrequently causes chronic changes in the renal cortex.  We have 
found such a condition to be not unusual in our partial reduction ex- 
periments, and believe that it, and not the reduction itself, is respon- 
sible  for  the  low  elimination--55.6  per  cent.  after  six  weeks-- 
described in the above experiment. 
After  nephrectomy  in  man,  however,  as  has  been  shown  by 
Rowntree  and  Geraghty,  the  functional  activity,  as  indicated  by 
the phenolsulphonephthalein test, rapidly returns to normal. 
CONCLUSIONS. 
The study of a  variety of experimental renal lesions in  the dog 
demonstrates  that  the  phenolsulphonephthalein  test  of  Rowntree 
and Geraghty is one of the most satisfactory and at the same time 
most  delicate methods of estimating the  functional activity of the 
kidney. 
The  elimination of  the  test  dye  is  decreased  in  so-called  spon- 
taneous  nephritis  and  in  experimental nephritis  due  to  potassium 
chromate,  uranium  nitrate,  cantharidin,  diphtheria  toxin,  and 
arsenic,  and  in  those  lesions  caused  by  snake  venom,  hemolytic 
serum,  prolonged  renal  anemia,  and  extensive  reduction  of  the 
kidney  substance.  Its  elimination  is  not  diminished,  but  is  in- 
creased,  in  the presence of the renal lesion  caused by nephrotoxic 
immune serum, and  for this discrepancy no explanation is  at hand. 
* Rowntree  and  Geraghty,  Further  Data  Relating  to  the  Value  of  Phenolsul- 
phonephthalein in  Estimating the  Functional  Capacity  of  the  Kidney,  abstracted 
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The test is  a  reliable  method of demonstrating improvement in 
the functional activity of the kidney, as  is  shown in our study of 
spontaneous nephritis. 
The increased elimination of the dye occurring after small doses 
of various irritants,  which is  frequently characteristic of the early 
stages  of a  severe  nephritis,  and  which  is  seen  also  several  days 
after  unilateral  nephrectomy, would appear  to  have  an  important 
relation to the problem of kidney function; and although probably 
not  of  clinical  importance,  it  is  worthy  of  further  study  as  a 
phase of renal activity. 